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(54) A coupling member for coupling an ink-jet recording head to an ink cartridge wherein a filter arrangement 
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(57) A coupling member capable of coupling an ink-jet recording head <6) to an ink cartridge (20) is disclosed 
wherein a filter member (32) is arranged in an ink supply channel so that the area of the filter member (32) is 
gr at rihan the cross-sectional area of an upper throughhole (15) and/or a throughhole (14) so as to assist in 
the smooth flow of ink without disruption from the ink cartridge (20) through a second filter member (31). a 
throughhole (27), an ink supply needle (16) and throughholes (15,14) to the recording head <6). Several other 
invent! ns relating to ink-jet printers are disclosed, in particular arrangements for making the mounting of ink 
cartridges onto ink supply needles easier than at present (see Figures 13 and 15). 
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-1- 

INK-JET RECORDING APPARATUS 



The presenr invention reiares zo an ink-jer recording 
appararus which ejects ink droplets from nozzles to vrite a 
recording image such as characters on a recorcinc nedium, and 
more particularly to a structure of an ink sucpiv channel for 
introducing ink from an ink storage tank -o an ink- jet 
recording- head . 

ink- jet recording apparatus which elects ink 
droplets frorr. nozzle openings tc print characters anc imaces or 
a recording mediu.-n is provided with a filter plare between an 
ink tank and a recording head in order to elj.-inate dusz 
particles and rubbles in ink. 

Hcv/^ver .. as the number of nozzle open^ncs crovided - 
= recording heac is increased to 64 and fur^ner zc ill fc- 
iniproving the restlutior. cf rrinred images to per-.it a larrer 
amount of ink tc flcv; from "he ink tank to the recordinc head, 
larger head losses are induced by the filter olats for 
preventing foreign scostances from flov/jing into che recordinc 
head, v/hereby supply of ink tc the recording head cannot catc- 
up -with an amc-.:nr cz ink ccnsumed for recordinc. 

To solve tne prcbler. 5S mentioned above, zne ooenmc 
3rea cz z'r.e filter plate need be increased zc ren.re a ■ 
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resisuince of ihe fiUer piate. However, this resoluiion would give nse :o another 
problem of causing an uneven flow of ink through the filter plate, stagnated bubbles, and 
eventuaJly a degraded printing quality. 

The present invention has been made in- view of ihe problems mentioned above, 
and its object is to provide an ink-jet recording apparatus vvhich is capable of maximally 
reducing a channel resistance and of uniformly passing ink through a whole tiller plate. 

Another object of the present invention is to provide an ink-jei recording 
apparatus which is capable of reducing a mounting force required to mount a canndge to 
the mk-jet recording apparatus. 

According :o one aspect of the present invention there ]s provided an ink-jei 
recording apparatus compnsing: an ink cartridge for storing ink: an ink-jet recording 
liead for ejecting tlie ink: an ink supply channel connecting the ink canridge and the ink- 
jet recording heaa. the inK supply channel having a ponion inclined in relation to the 
horizontal direction formed in the middle of the ink supply channel: and a tiller plate 
placed so as lo aiagonally :raverse the inclined ponion. 

Accordir.L: :o another aspect of the present invention, there is provided a coupling 
member tor coupling an ink-jet recording head to an ink cartridge, the coupling member 
having a oody^ with a plurality ot ink supply channels formed therein, each of said 
channels terminating at one end thereof in an ink supply needle formed on said body, the 
ink supply needles, m use. engaging with supply pons of the ink cartridge to supply ink 
to the recording I'.ead, wherein the ink supply needles are arranged such that the 
resistance which occurs when each needle engages each supply pon occurs at different 
times for different ones of ihe needles. 
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Fic . 1 is a diagram illustrating one embodiment of an 
ink- jet printer to which the present invention is applied; 

Fig. 2 is a cross -sectional view illustrating one 
embodiment of an ink supply channel connecting an ink cartridce 
with a recording head used in the printer of Fig. 1; 

Fics. 3(a) and 3(b) illustrate enlarged 'views of the 
vicinity ci a second filter plate placed in an xnk supply 
channel in the printer ; 

Fics. 4(d} to 4(c) illustrate enlarged cross-sectionc 1 
vi=v/s cf one embed i me nt of filter plates and an enl arced vie*--; 
of an -r.v;cven fabric; 

F:.c . 5 is an exploded perspective view illustratino one 
embcci:?.er.t rf a recording head; 

Fic . 6 is a cross-sectional view illustratino an 
embodi.T.ent oz ink supply channels v/hich are apolied to the 
recird.ng r.eac of Fig. 5; 

Ficr. ~'^] and 7(b) are a cros s - sec t lone 1 vze'.-.- 
ill-jstr=tir.r zrx en enlarged v:.ev/ the vicinity of the filter 
plate in the ink supply channel shown in Fig. 6, and a too olen 
viev; illustrating the structure of e filter cnairoer on -he 
.holter side, respectively; 

Fics. 8'a) to 8(c} are a cross-sectional view 
illustratinr one embodiment of ink supply channels s'jitable for 
supplying ink from a single ink supply needle to a number of 
corr-on ink rhambers, and a top plar. view and a crcs s - sec t i one _ 
v_e-v.- illustrating the structure of a lower filter chamber; 

/ 
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Fias . 9(s) 5(b) are a cross- sec t ional view 

illusrraring anorher embodiinenr of the ink supply channels sr.c 
^ ^j^p pj_£j^ view illustrating the structure of the channels on 
rhe filter chamber side; 

Fic. 10 is a diagram illustrating another e.T.bodimenr of 
the channel structure in a positional relationship between an 
ink supplv needle and t hroughhol es . communicating with a 
recording head to form ink channels; 

Fig- 11 is a diagram i 1 1 u s t: ra t _ ng anoTih^r emoociment cz 
-he -har.nel structure m a positional relationship between an 
m/. 5uptl2-' neecle anz throughnoles ccmmuni ca t i ng --;ith a 
rectrdir.c r.ead to icrm ink channels; 

Tics. 1 2 a and 12 (b; are a perspective view and a 
crcss-sectional view respectively illustrating the structure m 
the vicinity of a cartridge holder and a reccrtmc ::eac, 
remcvec from a carriage, in a recording apparatus using light 
anc deet rcltr ink; 

Fits. 1- £ ant 1j b are a cross -sect ion a 1 '^e 
illustri tint t:-e structure c: the head frame and a top pla- 
view of the 'same e:-:tept rcr ink supply needles; 

Figs. 1--. a und 14 b are a top clan view ^nd c crtss- 
sectional view of a channel, taken as an example, illustratmc 
one em^bcdiment of a tnannel v;-irn connects an ink supply needle 
rr an ink mtrocucmc pert cf a recording head; 

? 1 c s '-tic anc 1 r . o - are c i c r a m e r e s pe r t : v e 1 ^■ 
-. 1 1 us t r 3 t i nc a state wn.-n a r". ink Tartr.tpe i =: t:einc 
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mountied ; and 

rig. 16 is a cross-sectional view of a channel, taken 
as an exainple^ illustrating another embodiment of a channel 
which connects an ink supply needle to an ink introducing port 
of a recording head 



The zreser,- invention will hereinafter' be described m 
connection with several embodiments . thereof which are 
ill\:stratec in ceiail in the accompanying drawings. 

7-c. 1 illustrates an ink -jet printer whicn is cro.vi dad 
^L~r. ar: ink-;et head unit according to the present invention, 
wherein reference numeral 1 designates a carrj.ace v.'hich is 
support^c ry a guide member 2, connected to a step r\otor A 
rhrc-jch a ttr.ing belt 2, and mounted for reciprocal movement in 

Tne rartricce 1 is equipped v/ith an mk-jet recordino 
neac 6, later desmrec, removably mounteo on tts Icv.-er surface 
= nc a printing unii T also removably mountec on its upoer 
surface. -"h^ reccrd:.nc head 6 is supplied --.^ith a drivlnc 
5igna_ tnrcugh a flexible cable 8. . Further, :.n tne arawinc , 
reference numeral 9 designates a recording sheet anc 10 
fesignates a capping means for sealing the recordino head wnen 
rriniint is not ter formed. 

7_g. 1 il_j5-ra::es one emfccciment of zhe In cine unit 
-.en- ir-.ed arcve wr\ich comprises a holder 11 mouniac- zn rne 
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cartridge 1 and an ink carrridge 20 accommodated in the holder 
11. The ink- jet recording head 6 is positioned on a surface of 
the holder 11 opposite to the recording sheet 9, i.e., on the 
lower surface in the embodiment . 

The recording hs=d 6 is connected through a flexible 
cable 13 ro a terminal plate 12 which provides removable 
electrical connection with terminals, not shcu-n, on the 
cartridge connected to the flexible cable 8 of the printer 
body . 

An ink cartridge 20 has its inner space partitioned by 
a v;all 21 into f.vc regions, i.e., an ink chamber 22 for storing 
ink as it is and a foam chamber 24 fiilec wi-h a porccs foam 
material 22, such that these nwo chambers comjrtun. ca te wjLih each 
other by way of a throughhole 25 ■ bored . through a lower portion- 
of the wall 21 . 

On the bottom of the foam chamber 24, a protrusion 2c 
is for.T.ed for urging the bottom of the fca.T. material 22, anc a 
thrcughhcle 27 is fcrmec through the protrusion 25 for csf-.n_nc 
an ink supply channel . The protrusion 25 is further provided 
w'iin a lirs-i filler plate 11 on the top thereof and wi^h an ink 
supply port 28 for receiving an ink supply needle 2 6 on the 
bottom thereof, later described. 

The holder 11 is provided with the ink supply needle lo 
imtplanted on its bottom. T.he ink supply needle 15 nas t.he tip 
fcr-ed _n e needle shape tc allcv.- an msertxcn mti a packLnc 
30 thrcugn a seal 2? -which seals the ink supply pc-ri 2 8 c: the 
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ink cartridge 20. Also, a lower end surface of the ink supply 
needle 16 is formed with a throughhole 15 connected to an ink 
channel 14 communicating with the recording head 6 . 

In this embodiment, a filter chamber 33 havj^ng a second 
filter plate 32 as illustrated in Fios. 3{a; and 3(b) is formed 
betv/een the lower end of the ink supply needle 16 and zhe 
rhroughhole 14 communicating with the recording head 6 in zhe 
middle of the ink supply channel as mentioned above. 

The first filter plate 31 is formed of sintered unwoven 
fabrics 40, 41 made of stainless steel wires all having a 
diameter of approximately 5 jam, i.e., fi.ner sreel .vires r.avmc 
a diameter 1/10 smaller than that of steel ;vj.res jsec for 
twilled filters. The first filter plaze 31 is added -c a moun* 
26a on the protrusion 26 so as to cover the throughhole 2" 
communicating with the ink supply porT: 13. 

Pjncng these unwoven " fabrics 40, 41, the first 'jnv/over 
fabric 4 0 located on the recording head £ side is formed as ar 
jr.wcven faoric v;hich has a small thickness and a s -i f f : c i er. t ly 
.-.icn void ratio so as zo provide a filiier which has a small 
mesh size and a lowest possible channel resistance, m crher 
words, a filrer which exhibits a small dynamical pressure loss, 
-'S., a lev/ channel resistance, whe.n ink is supplied to the 
recording head, and a highest possible meniscus magnir-ce. The 
second unv-'oven fabric 4 1 laminated on the inside of "he unwoven 
fabric 40 is formed as an unwoven fabric whizh, althcuch a 
partir-j.arly high me.niscus magnitude is net required, has a 
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sufficient thickness zo reinforce rhe first unwoven fabric 40 
and a lowest possible channel resistance. 

The second filter plate 32 placed to cover the 
throughhole 14 communicating with the recording head 5 is 
implemented by a sintered unwoven fabric made of stainless 
steel wires having a diameter of appr c->:ima te 1 y 5 Mm, as 
illustrated in Fie. 4 ( b ) . similarly to the firsr unwoven fabric 
4C locB'ed c-n the ink cartridge 2 0 side. 

The second filter plate 32 is formed as an -r.-.vcve- 
farric v;hirh has a snail thickness and a sufiiciert-v hj.gh voic 
ra - - c 5 c as to or c v ice a filter which has a s ma 1 1 n^e sr. size a - z 
a lcv;e5t pcssible channel resistance, in other words, a filter 
.:"Lzr. exhibits a small dynamical pressure loss, i.e., = Iz--- 
chcinnei resistance, v;hen ink is supplied tc the recording head, 
anc a highest possible meniscus magnitude. 

Since- the sezznd filter plate 32 has one siae prcrec'ec 
ry a heac frane iia c; the recording heac i anc the ether sice 
zrzzaczac zy tr.e m;-; supoiy needle 16, zhe secorc f_iter ciai.e 
31 ic-es nc-z require a reinforcement such as the unwoven fabric 
-^i fcr tr.e ,f_r3* filzer 31. However, zne prov_sion cf a 
-ei- forcing ur.wcven fabric uO the second filter plate 31, as 
ne first filter plate 11, will enhance jluS shape retent.on, 
.."u= facilizai-nc the nicer, zing of the secor.d filter plaze 31. 

As cescr:_cec above, the first filzer plate 31 izsel; 
as a ii-ffii.erz r^echanical strengtn a::c nence the shace 
ezenticn, iz zr.az iz car. be readily nicunt-hz. Mc rec -/^ r , re 
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the first filter plate 31 has a high meniscus magnitude in 
comparison with its low channel resistance, it filters out 
solid particles and so on and does not allow bubbles to pass 
therethrough until ink held in the foam material 23 is almost 
used uD during printing, so that ink can be smoothly supplied 
to the recording hesd 6. 

While the foam material 23 is compressed by the 
protrusion 26 to enhance a capillary force near the protrusion 
26, the fc^m material 23 may be pressed by providing the first 
filter olata 31 v;ith a more sufficient mechanical strength. 

The second filler plate 32, with its characteristic, 
L.e., a lev; channel resistance, allows ink supplied from the 
ink cartricce 20 to smoothly flow into the throughhole 1^ on 
the nczzle side, while further filtering out solid particles 
remaining in the ink to eliminate clogging of the recording 
heac 5 . 

In z'"^ embodiment, when ink is consumed by the 
recording heac i for printing, ink absorbed in the foam 
material 2 2 _n the cartridge 2 0 is drawn cut hy the recording 
head 5, flcv.-c jintc the ink supply needle 16 through the first 
filter plate 31 and tne through hole 27, and then flov/s into the 
filter chamber 3 3 by way of the ink supply channel 15- 

S^r.ce the filter chamber 3 3 has a cros s - sec t i ona 1 area 
substantial.y ecjal to the area of the ink supply port 15, ink 
lie '.■.* 5 1 r. t c r h e r e c t r c i n c head 6 " h r o u c r. h. e z h r o c h h c 1 e I - 
V 1 1 h c u t d e c r e a s i r, c the flow rate. 

I 
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Since rhe second filter plare 32 is arranged ro 
diagonally traverse the filter chamber 33, the filter plate 32 
is ensured to have a sufficiently large opening area, so that 
ir reduces a fluid resistance due to the filter plate 32 to a 
lowest possible value and accordingly suppresses a head loss. 
Also, since zhe filter plate 32 itself forms a hich meniscus 
magnitude in zz-parlson -.vizh a low channel resistance, iz 
fillers out seize particles and so on during printing', and does 
nor permi- buccles to pass therethrough until ink held in the 
fear, material 13 is almost used up, so that the ink is smocihly 
supplzec z'r.rz recording head 5 . 

In a c c - - _ c n , s j. n c e - n k f 1 c v/s s u b s r. a n r i a 1 1 y u n - f o r m 1 y 
zhrz'cz'r. ^he v.-ncl:= surface of the second fj.lter plate 32, no 
stacnaticn v.-ill recur on the filter plate 32, and ink flows 
j.ntc the reczrcing head 6 after dust particles, and bubble 
inclucec in .ne ink nave been removed by zhe filter plaze 32. 

In =zne Lr,sz^ncBs, an mk-jen recording head ma 2/ be 
for.-ec v/_*n 1: r__rali-y of columns of nozzle cpe-incs, for 
im.prcvinc -he firming density, v/herem each nozzle opening 

cclumn is _ncei enren t ly prcvidec v;irh a com-ion ink cnam:ber, and 
these nczile ir-£-ninc ccium.ns are shifted by cne-half of the 
pitcn of zhe nctile ^openings each other zo form a staggered 
arrangemeni . 

rig. : 1 1 _us crates cne embociment cf ar. in^z-jei 
reccrdinc '-.eziZ -eniicnec arcve, v.-nerein reference numeral 50 
designares = rressure generaiinc chamber forming board which is 
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provided wirh rwo columns of pressure generating chambers 51, 
52 and has one surface sealed by a vibration plare 53. The 
vibration plate 53 is provided on its surface with individually 
separated lower electrodes 54, 55 cor respondiing to the pressure 
generating chambers 51, 52. ?iezo-electric vibrators 55, 57 
are formed on the surfaces of the electrodes 54, 55, and an 
uccer eleczroce 5S is formed overlying the plural-cy c: piezo- 
electric vibrators 56, 5*. 

Reference numeral 59 designates a fixed board which has 
5 function of fixing an actuator unit composed of the pressure 
-e.-eratinc chamber forming ocard 50 and the vjLorat.on plate 53 
enc a funccicn as an ink supply port forming plate for 
receivinc ink supplied from the oxj^nsldE: . The fixed board 56 is 
alsc orovidec with communication holes 60, 6 1, 62, 63 
cc~unica-inc wi^h the pressure generating chambers 51, 5 2 a- 
bcz.- ends thereof, and v;i-ch ink introducing ports 6", 63 for 
incecencenc ly supplying ink tc f.vC ccrjnon ink cham.bers 5 5, 6 5, 
lac^r descriced . 

Reference numeral 6 9 cesignaTies a common ink chamber 
f ermine pla~e ;-.-hich defines the common ink chambers 65, 66 for 
succlymc ink ircm. the ink introducing ports 67 , 6 3 to each of 
che pressure generating 'chambers 51, 52 rhrcugh the 
ccr-.unica tion holes £C, 61. The ink chamber forming plate 69 
has cne surface sealed by the fixed boarc 59 anc the other 
surface sealec by a ncccle plate "C. The nozzle pj.ate 70 is 
pre* idee vich tv:c colum.ns cf nozzle openings 71, 72 which 
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communicate with the respective pressure generating chambers 
51, 52 through communication holes 73 , 74 of the common ink 
chamber forming plate 59 and the communication holes 61, 63 of 
the fixed board 59 . 

Fig. 6 illustrates one embodiment oz a recorcmc head 
for color printing which includes recording r. e = ds 50 as 
described above mounted on a common head fr^me 8 1 . Tror. an ink 
cartridge partitioned into a plurality of cha.-bers for 
independently storing ink of their assignee colors, ink suoply 
channels 83 of ink supply ^-eedles 82 to be ."sertec .ntc 
recording heads ec extend tov;ard the reccrtmc he = c5 53. 

head frame 81 connected to the .r.;*: supply channels 82 
of the ink supply needles 62 for supplying ink to the recording 
heads oC is provided v;ith a set of two thrcughholes 34, 35 such 
that ink can be independently supplied to tv/o ink introducinc 
ports 57, 58 of each recording head 80, 

A filter chamber formed by a craduallv exoandinc 
portion is located m a region communicating the in,-: suppl\' 
channel 83 v/ich the tv/o throuchhcles 84, 85, and a second 
filter p. ate ^86 is placed in tne filter cn amber . 

Fics . 7(a) anc 7(b) -illustrate enlarged viev/s of the 
vicinity in which the filter plate 86 is placed. A lov-;er end 
portion of the ink supply channel 63 is substantially 
hemi spheri ca 1 ly expanded to form an upper naif of the fi_ter 
cha-ber 97. On the recording head side, a hemi soher i ca 1 recess 
having substantially the same shape as the outer ceriphery of 

I 

■BAD ORIGINAL 



Printed from Mimosa 00/11/01 05:16:09 Page: 26 



-13- 

zhB filter chamber 87 is parritioned inro rwo filter chambers 

89 , 90 by a partition B8 having a ridge line 88a passing 
through the central point thereof. The two filter chambers 89, 

90 are connected at their lower ends wirh throughholes 84, 85 
extending to rhe recording head 80, respectively. 

The throughholes 84, 85 are positioned such that they 
approach, in the horizontal direction, cutside wails o9a, 90a 
at the upper ends cf the filter chambers 65, 90. Stagnation _5 
prevented from occurring on the outside walls cf the filter 
chambers 6 r , 9 0 . 

The af oreir.entionec second filter plate Be is securel*/ 
sar.cv/ichec by the ink supply needle 3 2 and the heao frame 31 at 
the boundary between the upper filter cha.Tiber 57 and the lcv;er 
filter cha-bers 89, 90, such -that the filter plate 86 is in 
contact vi-h the ridge line 33a. 

Acrtrdinc to the e.nnbodimen t , since the uzcer f.lter 
chan^oer 3~ is substantially herziisphericai ly fcrmed to orcvide 
c iarre vtluirte of spacing near the filter oiate 85, the 
recording heac 30 can be supplied v/ith ink without disturoint 
-ne ink' f _tv-, even if bubbles or the like attacn tc the irner 
wai_ of the upper filter chamber 87 . 

In addition, since the throughholes 84, 55 are arranged 
close tt tne outsite walls 59, 90 at the upper e.nds of the 
filter cha-bers 39. 90 in the hori2ontal direct_on. stacnaticr. 
iikely tt crtur in a curved portion is preventec . A.sc, in the 
-enter rcrt.r:'. , the coniaal ly formed partition cc forces ink tt 
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flow along planar walls 88b, so zhaz zhe recording head 80 car. 
be smoothly supplied wirh ink, of course, without stagnation. 
Figs. 8{a) to 8(c) illustrate channels suitable for 
supplying ink from a single ink supply needle to four common 
ink chan^.bers . ink supply needle 92 is proviaed at its lower 

end with £ fiJiter chamber 94 smoothly e>:panding frorr. an ink 
suoplv channel 93 in a cococn shape. A. so on the heac frame 
<=ice, a filter charriber 95 is icrmec in a cocoon shape navinc a 
narro-wsd central portion. A second filter pjiate 9" is placed 
on the bour.carv betv/een these filter char.oers 94, 96. 

Irwar f_lter charr.h^r 9f cc~Lrr.umca~ es v/iu.- upper 
rcurnhcles IOC - 103 icr supplying ink v.-hicn are 
Bnz -.vith the ccsiticns of ink in trccucing pcrrs 
recording head 93. v;_tnin tne throuchncles 100 - 
v.-c thrcuchholes 100, 1C3 j.ocatec cutsice are 
tnat their outside -•-•alls are £^LicnE:-z with the 



: n U 5 ^ - 



r : ' _ - ^ 



cna moe r 5 



:nrzvcnnc.'. 



ne se 
ch a 



u n _ _ e 



e.-?.occin>^ 






:n~ filter chamoer 9 6 
zhe lower surface cf t: 
ihholes ICC - 103. 
— — ■— . o — c o c I. rTt e n t e v e ri 



ihroucnhcles ICC - 10 3 

:he filter ?7 ar.c the 

'_:nca 1 a c ed suction 
a-cers v;hen ink is 



: urc_ lec 



-mcle ink supr.- 



neec _ e 



: ou r 
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coimnon ink chambers, a uniform pressure prevails in rhe whole 
filter chamber 96 since all rhe channels 100 - 103 corumunicare 
in rhe lower filter chamber 96 without intervenrion of the 
filter plate 97. Thus^ ink can pass through the whole surface 
of the filter plate 97, and a pressure loss due to the filter 
pls.z.e 97 is reduced as much as possible. Furthermore, even if 
bubbles or the like attach to the filter plate 97, j.t :.s 
oossible to avoid inconveniences such as disabled supply of ink 
to part of the common ink chambers . 

In addition, since the filter chambers 9^, 96 are 
for-ed in a cocoon shape so as tc cover all the thrc-crhcles 
IOC - 103 and provided v.'ith large vclumes as compared wizh tne 
opening areas of the throughholes 100 - 102,. ever, if bubbles 
are introduced into the filter chamber 94 formed in the ink 
supply needle 92 and the bubbles inflate therein, the filter 
chamber 94 can abscrb the inflatinc bubbles v/ith tr.= large 
vcl-me tc -icximally prevent the bubcles from attac-.r.g to the 
filter plate 97 . 

rurth;er, since a portion immec i a te 1 belcw me in>; 
suptly needle 92 is narrcv:ec, the thrcuchhole 100, ICj tn both 
sides can also be -suppliec v;ith ink ir. a v;ell balanced -anner. 
Furthermore, since the throughhcles 13C, 103 on bcth sides are 
formed such that the outside walls thereof are aligned v;ith the 
end wall surfaces of the upper filter chamber 94, stagnaced ink 
car. be eliminated in end portions - 

Further, since che lower =urf:=ce of tihe filter elate S~ 
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is not in conract with a partition for branching the respective 
channels 100 - 103, attachment of bubbles to the lower surface 
of the filter plate 97 can be prevented maximallv 

Figs. 9(a) and 9(b) illustrate another emccdirr.en t of a 
structure for independently supplying ink from a. sir.cle ir.;*: 
supply needle to nv/o common ink chambers. .-^r. ink cr.c-."el 121 
of an in): supply needle 110 is formed at .ts lower er.c wi-;-. = 
funnel-shaped filter chamber 112 graduallv expandir.- trv;f:rc 
recording neac siae. A head frame 112 is crrvidec 
chrcuchholes 114, 115 which communicate ".viih res ce r *: :. z~-r-?z- 
ir./-. c'rLe.::\zers oz a recording head. The uooer er.cs zr.e 
«hr Dugr. - o 1 es 114, 115 are partitioned by a oartizicr. 115 arz 
ccnnec-ec zz filter cnambers 117, 113 cracuallv ex.cancinr 
zowarz zr.e inl: supply needle side, and a secor.c 
119 is placEc lo be m contact v/ith rhe partition 115. 

Zr. z'r.Ls e.v.codimen t ^ ink flcwinc frr-rr. = r, i.-.-; z~ 
in-c zr.^ i.-k supply needle 110 is cnce = ccu.tiu 1 £ i ec 
r ur.r.e 1 - 5 ni r. r. f_li^r chamber 112, pass-z tnrcucr z::e 
cl£-e 1 1 r :^-ir.g t.-e filter chamber 112 zz the .rwer 
"n^irre:'." _ - 113, and flows inzo the reccrn-nc neac : 

The filter chamber 112 is formec i a funne- z^.aze ~ ~ 
'.ave a rr=c-jaliy larger cros 3 -sect lona 1 cirea , and the lov.-er 
rha-bers 117, 118 receiving ink frorr, z'r.e fi_ier rr.arr.cei 

nar:cerc w.incut stacnction. In acditic::, sinr^ --^ - ■ ' - ::i - 



. - - w/.Ci-^ 
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plate 119 having a large cross-sectional area is placed on the 
boundary of these filter chambers, a head loss is reduced. 

While in the foregoing embodiment, an inflow porr and 
an outflow port are positioned on the same line, the 
throuchholes 114, 115 communicating with the recording head may 
be offset from the central axis of the ink supply needle 110 bv 
a f:ixec amount 4d in the horizontal direction, as illustratec 
in Fig. 10, to have ink flow down diagonally relative to tr.e 
filter plate 119- In this v;ay, the ink passes through a larger 
area of the filter plate 119 so that a head loss due to the 
filter plate 115 can be reduced. 

Also, in the foregcing embodiment, the lower filter 
chambers are formed. Alternatively, as illusrrated in Fic. 12. 
three cr more throughholes 120, 121, 122, 123 may be equallv 
offset fro- the central axis by a fixed amount Ad so as to be 
?csitio-ed along the outer periphery of an ink suooly needle, 
sucn that tne respective throughholes 120, 121, 122, 123 are 
connected cc individual ink introducing ports of a recorcinc 
head, cr the^j- are joined tc be connected to a' sinale in/: 
m-rcducinc cert of a recording head. It will be apparent that 
t,he latter structure also provides similar actions. 

"cr accomplishing a further improvement in the qualitv 
of cclcr prints produced by ar. ink-jet printer, the recordinc 
neac 6 ma\- be implemented by such one that is capable of 
independently e:ectinc ink of five cclcrs including light cyan, 
cesp cyar , light T.acenta, deep .-agenta , and yellow. iz should 
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be noted zhaz since yellow is essentially a light color and the 
provision of two different types of yellow color, ^.e., light 
and deep would not result m remarkable effects, only aeep 
vellow is generally used. 

Correspondingly, a head frame 122 on which a recording head 130 of che cype 
mendoned above is fixed is provided with a canridge holder :Z3 which cojnes an ink 
cartridge 7 (Figs. :2(a}. 12(b), 15(a) and 1503)) having storage chambers Cl. C2. Ml, 
M2. Y for storing ink of the five difference colors, respecuvely. 
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head frame 122 at alternate heights so that the positions of 
adjacent tips I31a, I32a, 133a, 134a, 135a are offset by a 
height difference AH. 

The recording .head 130 has ink introducing ports 161, 
162, 163, 164, 165 aligned on the same straight line L2 which 
are capable of independently receiving JLnk of ccrresponding 
colors supplied thereto. The recording head 130 is fixed on 
the head frame 122 such that the straight line 12 is offset by 
a slight distance AL froi?. the straight line LI on which the ink 
supply needles 131, 132, 133, 134, 135 are alienee 

Tr.e heac frar.:e 112 is provided v/i-h Tihrouch holes 171, 
1 7 2, 1 73, 1 74, 175 frr.-n posj-ticns opposite zz -ne in!*; 
inzrcdurinc oorts 161, 152, 16 3, 164, 155 wf '^he z^czrd.nc nead 
lie so as zz ensure a lenczh AL or more extending horizcr.tally 
m o£ra:.lel v/:.-h zr.a ink supply needles 131, 131, 123, 134, 
135 ~cr e;-:an:o:^e , -aking the ink mtrcoucinc pert 14 3 as an 
exa-ole, me rhanne. frcr?. zhe ink supply needle 13 3 to Tihe 
thr-uchhcle 1"2 exiends substantially in -he hrri-ontal 
-irecticn, -cv/ever. directs slightly dcv/nwardly tov.art me ink 
-n-rrducinr ocrt 163, enc is ccnnectec to the ink intrcducinc 
pert 163 t-rcugh £ horizontal filter chamber ISl hav.nc i v;idth 
subszanziall V eoual zo the diameter of the in!-: supply needle 
i::, as illustratec Lr. Figs. 14(a) and 14fb:. 

In respective filter cnambers 181, 152, 133, 1B4, 135, 
;eccnc fil-or plates 1?1, :?2. 19 3, 194, 195 are securely 
3 Qnc.vi rr.ed b^iv-een the r.e = " irame 122 anc me .n.< supply 



/ 
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needles 131, 132, 133, 134, 135 , respectively, to exrend in the 
horizontal direction. 

In the embodiment, when an ink cartridge 7 is inserted 
into a cartridge chamber 126 and a Ijlg 125 is pivoted 
dou-nwardly, the ink cartridge 7 is lowered so that the ink 
supplv ports 15 1, 1 53, 1 55 come into contact with the ink 
supply needles 131, 133, 1 35, the tips cz wnirr. prr-truce 3y ..-H 
from the ink supply needles 132, 134 (Fic. 15 a;;. 

V7hen the lid 125 is further pivotec cov— .va rc 1 \- ■ : rDm the 
state mentioned above to push the ink r^rtrizce T into the 
cartritce char^ber 125, the lok supply ne-r'tles 1^1, 123, 135 
only are inserted into the ink supply ports 151,. .53. 155 of 
the ink cartridge T. Then, the ink supply needles 132, 134 
postticned lcv;er than the ink supply needles 13., 133.. Ij5 come 
into contact with the ink supply ports 152, 15-., respectively 
( Fic . 15 (b ; ; . 

In the statec illustrated in Fit 15 - b . sitte the in.K 
supply neecles II'., 131, 135 have a.reacy re en .nserter. m tne 
ink suoolv ^ certs 1 5 1, 15 3, 155. resper i ve _ y . so that a 

surely needles 13 1 - 135 into the ink suctly ucrt^: 151 - 155. 

Wiz.- the ink rartricce 7 n;ountec zr. the reccro^ng head 
1 3 C , whan tne r e c c r c i n g n e a c 13 0 ^ s sealer c y a cap 10 and a 
negative pressure «s app-ieo to nc-ttl-i tpeninrr of tne 
retrrcing head 13C', ink strrec i" tre re s pec ti*/e storage 
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ths ink supply needles 131 - 135 into the recording head 130 
through the filter chambers IBI - 185. 

The channels connecting the ink cartridge 7 zo the 
recording head 130 are partially constituted of the horj.2ontal 
filzer chambers 181 - 185 which extend s ubs tanc^a 1 ly ' t,ne 
horizontal direction and have a width substantially ecual to 
the diameter of the ink supply needles 131 - 125, anz the 
filter plaZBS 191 - 195 are placed in the respective filter 
chambers ISl - 185 so as to diagonally traverse the ink 
channels, so that the cross-sectional area of the filter elates 
151 - 195 can be T.ace large as comparec v/^th the tross- 
setticr.al area of the channels, whereby a stacnated Lr.k flov; 
car. be elf-^nated in the channels and the channel resistance 
car. be rec--:ced, thereby .naking it possible to promptly remove 
bubbles and smoothly supply ink to the recording head 130. 

I- the embodiments as described above, th£ 

cnannel resistance car. oe made as uniforri as possible even if 
varictitr.s are present in the lengths of the rhannels 
conr.ect^nc t^he ink supply needles 131 - 125 to "h^ in-:. 
Ir.trrcur.nt ports Ifl - 155 of the recording head 120, tnereoy 
.T.a>inc it possible to increase the freedom in designing the 
rectrcinc head and the ink cartridge, i.e., providing a reduced 
s-t€ o: tne recording head, a larger mr. cartridge, and sc on. 

Tig. 16 illustrates another embcdin^ent cf the present 
-nv = nc^cn in a channel, taken as an example, v/herein a filter 
-r;arcer 152 ccmmun _ ca t _ ng an mk sjpply neecle 133 '-v-th a 
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throughhole 163 formed in rhe head frame 1 22 has an upper wall 
183a above a filter plare 193 inclined upwardly coward the ink 
supply needle 133 and is partitioned into upper and lower 
spaces by the filter plate 193 such that the volume cf the 
upper space above rhe filter plate 193 is larger than zr.e 
voliime of the lower soace under the same. 

According to this embodiment, even if a bubble 5 havi-g 
introduced into the ink supply needle 133, for exarr^ple, coring 
exchanging a cartricge, is expanded due tc a tenipera t - r e rise 
or the like, the bucble 5 can be held abc/e tre filter r.a-= 
1?: =r.c :7,c\'^d -jp-.v-ardly along the inclines v.-a _ 1 lz2e r: t*- 
- - - - ^ r cnariber 133, thereby preventing tne bubcle S :rc- 
atticr.-r.g tc tne filter plate 83. 

It v/ill be apparent that while the foregcinc 
eT.ccci"ents are structured such that the ink cartriage is 
rerrtvec by -oving it in the vertical direction, similar aciicnn 
car. =lzr be Ttade vvheri the present invention is ijpplied zo ± 
structure :.r. v;nic.t the ir.k cartridge is reir.cvec cy moving it i- 
"he r. on rental direction. 

It v.'ill be also apparent thaz v:;;ile the i or eg ring 
e.T.rm-er ts have beer, described in Conner r.jn wirh a recrrr.ng 
neac usir.g a single cartridge for storing _nK f five cc^rs, 
r y v.-i • • - e :•; a iT. c ^ e , £ i .t. 1 1 a r actions can a _ i i be ^T^a c ^ ; e i ^ 
P-'S^enr ir. %'enrion is applied to a recorfing head usir.r a 
-^'-"--tre for scoring ink cf si;-: colors zi' separate rorrr_ige3 
irr - ncerenzier. t ly srrrmg ink of three l-g:;i ii-_wrs -r:u i;:.-: i ; 



Printed from Mimosa 00/11/01 05:16:44 Page: 36 



-23- 

rhree deep colors, respectively. 

It: will be furrher apparent that while the foregoing 
embpdiinen t s have been described in connection with a recording 
head fixed on a cartridge, by way of example, similar actions 
can also be made when the present invention is applied to an 
add-on tvoe which has a cartridge holder removably mounted on 

recording head arranged in the cartridce 

present invention as described above, a 
ir.ec filter chamber is formed in parz of an 
1 having one end connected to an ink suooiv 
er end connected to an ink-jen recording heac 
a filter plate in the middle thereof, and the 
placec tc obliquely traverse the filler 
r.k can flow substantially uniformly over the 
"^1 area of the ink channel. It is therefore 
~ - bubbles from stagnating in the chiinnel , 
;i'.'e" area of the filter plate to reduce the 
, and accordingly decrease a head loss. 

As an aJiemaiive to and/or in addition lo the ink supply needles 131, 132. 133, 
134. 135 being at different heights, the same advantage could be achieved by configuring 
the ink supply pans 151. 152. 153, 154. 155 such that engagement of all the needles 
with aJl the pans does not occur simultaneously, so that less force is required to connect 
the ink canridge. 




'bad original 
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1 . A coupling member for coupling an ink-jet recording head to an ink cartridge, the 
coupling member having at least one channel formed therein, the channel compnsing a 
first portion accommodating a filter layer, and second and third ponions for allowing ink 
to flow between said tlrst ponion and the ink-jet recording head and the first portion and 
the ink cartridge respectively, the arrangement being such that the area of said filter laver 
is greater than the cross-sectional area of said second and/or third ponions. 

2. A coupling member according to claim L wherein the niter layer extends 
obiiquely across said channel. 

3. A coupling member according to claim 1 or 2. wherein said second and third 
ponions are subsLintially parallel and axially misaJigned, said first ponion is inclined 
relative thereto, and the filter layer extends across said first ponion in a direction 
substantially perpendicular to the axes of the second and third ponions. 

4. A coupliiii: member according to claim 1. wherein said first ponion comprises an 
upper filter chamber connected to said third ponion and gradually expanding toward the 
ink-jet recording side, and a plurality of lower filter chambers each gradually expanding 
toward said ink cartridge side and formed under said upper filter chamber; and wherein 
sajd second ponion comprises a plurality of ihroughholes for connecting said lower filter 
chamber to said ink-jet recording head, and said filter layer is positioned between said 
jpper filter chamber and said lower filter chamber. 
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5. A coupling member for coupling an ink-jet recording head to an ink cartridge, the 
coupling member having a body with a plurality of ink supply channels formed therein, 
each of said channels terminating at one end thereof in an ink supply needle formed on 
said body, the ink supply needles, in use. engaging with supply pons of the ink cartridge 
lo supply ink to the recording head, wherein the ink supply needles are arranged such 
that the resistance which occurs when each needle engages each supply pon occurs at 
different times for different ones of the needles. 

6. An ink-jet recording apparatus comprising: 
an mk-je: recording head for ejecung mk: 
jn ink suppJ y cartndge having a plurality of ink supply pons: 

a couDlin^ member for coupling the ink-jet recording head to the ink supply 
cartridge, the coupling member having a body with a plurality of ink supply channels 
r'ormed iherem, each of said channels terminatmg at one end thereof in an ink supply 
needle formed on said body, the ink supply needles, in use, engaging the ink supply 
ports of the ink cartridge :o suply ink to the recording head. 

wherein the ink supply needles and/or the ink supply pons are arranged to 
cooperate sucii that the resistance with occurs when each needle engages each supply pon 
occurs at different times for different ones of the needles. 
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7. An ink- jet recording apparatus comprising: 
an ink-jet recording head for ejecting rhe ink; 
an ink supply channel connecting an ink cartridge for 
storing ink and said ink-jet recording head, said ink suoplv 
channel having a portion inclined in relation to the horizontal 
direction formed in said ink supply channel; and 

a fil::er plate placed so as to diagonally traverse said 
inclined oortion. 



an uoc-er 



reci^rcmg apparatus c c mp r i s i n c : 
cording nead for ejectinc uhe _n>; 
channel connected to an ink ccrtridce for 

er chanber connected to said ink supplv 
expanding toward said ink- -e- reccrdmc 

f lower fil-cer chancers eac" rrzduallv 
m.-: cartridge sice anc former. .:r.cer saic 



throucnnoles connecting to sa^c lower 

c - e 3 c ; anc 
s a 1 c u o pe r filter c n d i; e r 
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8, wherein said lower filter chambers are offset relative to 
said upper filter chamber in the horizontal direction. 

10. The ink- jet recording apparatus according tc any of 
one of claims 8 or 9, wherein said ink-jet recording head 
includes common ink chambers and ink introducing oorts formed 
in said each common ink chambers, and said thrcurhho2es are 
connected to said each ink supply ports. 

11. The ink-jet recording apparatus accorci-g to rlai- 
8 further comprising a parti.icn separating said Isv/er riiter 
chambers, saic partition having a triangular pvramdai cross- 
section and e rip of said partition being contacted ih rhe 

12 . The ink- jet recording apparatus accord no tc ciairr. 
8, -.vherem saic plurality of lower fil-er chambers con--.uni ce re 
-^'itr. each other below said filter olate. 

13. The _nk-3et recording apparatus accorcing co claim 
8, -.vherein seid t.hr c-L:ghhc les communicating v.-_-r. saic pluralit*. 
of lower filter cha-^'z^^rs are positioned as close as cossible ic 
vertical lines extending from wall surfaces cf =aic ^pper 
filter chamber. 

14- The ink-jet recordinc apparatjs =rcrrd_nc -c claim 
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7, wherein said filrer plate is formed of a sinrered unwoven 
fabric made of metal fibers having a high void ratio and a 
small mesh size. 



15. An ink- jet recording apparatus comprising: 
an ink - jet recording head for e;;ecti.'-:c the ink of 
plurality of colors; and 

a olurality of ink supply needier encegir.c with i; 



supply por-5 of an ink cartridge for storir.c i 



o I 



of colors to suoolv ink to said recording head, adjacer. i cne: 
cf said ir.k supply needles being arranre:: zz have a heicn: 
difference therebe tv/een . 



IC. The i.nk-'et recording appara"':.:-- 
13, v/nerem said ink supply needles has 
in,-; has f e colors including 1 i c h z c y a 
~acenta , deeo n".egenta and vellow, and the ' 
-nk s-crl'.' needle and of the ink supply ne- 
crcirude a f:^:-:ed lencth relative to the ~_: 



iccorc^ng zc 
needles anc 
deep rvdn . 
ps of "he ca 
les cn cci;. 



17. The in.k-^ec recording appera* 
1 6, v;here_n £a:.d :.nk-je* record:.nc heac 
pcr-5 , 5a ic in!-: supply needles and 3a:id : 
are aliened on first and second str^i.jh* 
" "e :ir=- and seccnc szrai*~hz lines a -e 
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larger than the diameter of said ink supply needles in the horizontal direction, said ink 
supply needles and said ink introducing ports are respectively connected by channels 
each extending substantially in the horizontal direction and having a width substantially 
equal to the diameter of said ink supply needle, and filters are horizontally placed in said 
channels. 

18. The ink-jet recording apparatus according to claim 7, wherein said channel is 
partitioned by said filter plate such that the upper portion thereof has a larger volume 
than the lower portion thereof. 

19. The ink-jet recording apparatus according to claim 16, wherein an internal upper 
surface of said channel is inclined upwardly toward said ink supply needle side. 

20. The ink-jet recording apparatus according to claim 7, further comprising another 
filter plate which is placed between said ink cartridge and said ink supply channel. 
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21. An ink-jei recording apparatus substantially as hereinbefore described with 
reference to and/or as illustrated in any one of and/or any combination of the 
accompanying drawings. 

22. A coupling member for coupling an ink-jet recording head to an ink cartridge 
substantially as hereinbefore described with reference to and/or as illustraLed m any one 
of anu/or any combination of the accompanying drawings. 
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Amendments to the claims have been filed as follows 

i. A coupling member I'or coupling an ink-je: recording head lo an ink cartridge, the 
coupling member having at least one channel formed therein, the chajinel compnsing a 
first portion accommodating a tlUer layer, and second and third portions for aiJowing mk 
CO ilow between said firsi ponion and the ink-jet recordmg head and the rirsi portion ana 
the mk cartridge respectively, the arrangement being such ihat the area of said filler ia\cr 
is greater than the cross-sectional area of said second and/or third portions. 

coupling inemoer according io claim wnerein :Iie filler layer exicn^is 
across said ciiannel. 

.V A coupiing member according to ciaim 1 ,n 2. wherein r.aid seci>nd and 'hire 
;3onions are substantially parallel and axiaily misaligned, said first portion is inclined 
relative thereto, ana :he filter layer extends across said llrst portion in a direction 
substantially perpencicular to the axes of the second and third ponion>. 

-i. A coupling !ne:nl)er according lo claim i. wiierein said first |)ortion comprises an 
upper illter chamber connccied to said third portion and gradunilv cxnanding toward i:vj 
iuk-iet recording <idc. .md a piurali'.v oi" lower filter ^hzunber.s caci: ^rauuaily cxp;inL:;:ii: 
toward said ink carndge side and formed under said upper filter chamber: and wherein 
said second portion comprise:; a niuralit> ^u' ihroughhoieb for connectiiii: :iaiU lower filler 
cliamber {o said :nk-ei recording head, and said fltcr !aver is positioned bci\vcen .;iu: 
upper rllter chamber and said lower filler cliamber 

I 
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2, A joupliiiii nienibcr for couplin*! an ink-jct recordiiiL: iiead :o ,ui ink canndge. the 
coupling member having :\ boay whh a plurality (M ink supply cnanneis formed therein, 
each of said channels lenninaiing ai one end ihereof m an ink suppiv needle formed on 
said body, the ink supply needles, in use. engaging with supply j>o'i< or [he ink cartridge 
!(^ uipply ink :o ;lie recording head, wherein ihe ink supply needles .ire arranged sue!: 
iliat the resisiance which v^ccurs ^viien eacii needle engages ei-cn supply port occurs ai 
Jiffereni :imes lor tl:f;'e:v :: .^nes .'»f :he :u-ciile:,, 

A:i uik-iei re-w'ordiny apparatus comprising: 

an :nk-je: re. ort.ini: iieau :t)r e:ec:ini.' iik: 

..r. wik runni'v jarir.cge :::rvi;:i: .i ::iur:i!it". .)f ink an^^:i\ ^i^r..- 

.i .■(n::'>i];'.L: :rie:iMK*: :ur .tiupiini: I'.e r..- re;j<ir:.:mL' ;e:iu 'he wik sunniv 
cartridge. :he ^';uii}i:ng i; ember ::a^ ing a [^ody vviiit a piuraiii;. .nix .uipply chajineis 
formeci ::ierein. eacn -m' -,:iid channels terminating at one enci ::ierci'f :n an ink supply 
•iceUle :(vmeLl :m: ^.-ui n.niy. tJic :nK su:5piv necujc>. .--e. "i^e ink Nuppiy 

-iir-.N .if *lic jarira:gc ..^ supiv ins: lo :ne recording Iieau. 

unereiiv uic -iik -unpiy needles and/or :lie mk .uupiv por.> are arranged 10 
cooperate sue a ih.at -nv rcMsti-nc- v.iih occ::rs wr:cn caca nceulc encai:-'^ .;;;cn .^uupiv pt>ri 
• JvCars ,u ailierera ;in:c:. ,afi"orjn: v'no me :icedL*> . 
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7, wherein said fiirer piare is formed of a sintered jnwcve- 
fabric made of ne-ai fibers having a high void raric anc = 
small mesh size. 
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21. An ink-jet recording apparatus substantially as hereinbefore described with 
reference to and/or as illustrated in any one of and/or any combination of the 
accompanying drawings. 

22. A coupling member for coupling an ink-jet recording head to an ink cartridge 
substantially as hereinbefore described with reference to and/or as illustrated in any one 
ot and/or any combination of the accompanying drawings. 

23. A coupling member for coupling an ink-jet recording head to an ink cartridge, the 
coupling member having at least one channel formed therein, the channel comprising a 
first portion accommodating a filter layer, and second and third portions for allowing ink 
to flow between said first portion and the ink-jet recording head and the first ponion and 
the ink cartridge respecnvely, wherein: 

the second portion comprises at least one throughole; 

the first portion comprises an upper filter chamber connected to the third portion 

and at least one lower filler chamber connected to a respective throughole; 
I 

the third portion and the at least one throughole are substantially parallel and 
axially misaligned and the at least one lower filter chamber is inclined in relation thereto: 
and 

the filler layer is positioned between the upper filler chamber and lower filter 
chamber, such tiiat ihe area of said tiller layer is greater tiian the cross-sectional area of 
said second ancl/or third portions. 
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24. A coupling member as claimed in claim 23, comprising one throughole and 
respective lower filter chamber, and wherein the cross-sectional area of the third portion, 
the upper filter portion, the throughole and the lower filter chamber are substantially 
equal. 

25. A coupling member as claimed in claim 23, comprising a plurality of Ihrougholes 
and respective lower filter chambers, wherein the upper filter chamber gradually expands 
toward the ink-jet recording side, and the plurality of lower filter chambers each 
gradually expand towards said ink cartridge side. 

26. A coupling member as claimed in any of claims 23 to 25 funher comprising a 
partition separating said lower filler chambers, said partition having a triangular 
pyramidal cross-section and a tip of said partition being contacted with the filter layer. 

27. A coupling member as claimed in any of claims 23 to 25, wherein said plurality 
of lower filler chambers communicate with each other below said filter layer. 

28. A coupling member as claimed in any of claims 23 to 25, wherein said 
througholes communicating with said plurality of lower filter chambers are positioned as 
close as possible to vertical lines extending from wall surfaces of said upper filter 
chamber. 

29. A coupling member as claimed in any of claims 23 to 25, wherein said filter layer 
is Ibrmed of a sintered unwoven fabric made of metal fibers having a high void ratio and 
n small mesh size. 
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30. An ink-jet recording apparatus comprising: 
an ink-jet recording head for ejecting ink; 

an ink supply cartridge having a plurality of ink supply ports; and 
a coupling member as claimed in any preceding claim. 
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